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Amendments to the Claims 

Please amend Claims 1-7, 9-15, 17, 21-26, 28, 29, 31 and 33-39. The Claim Listing 
below will replace all prior versions of the claims in the application: 

Claim Listing 



1 . (Currently amended) A system for balancing state of charge among a string of plural 
series connected electrical energy storage units, comprising: 

a string of electrical energy storage units, each storage unit having a state of 

charge; 

a circuit configured to selectively monitoring monitor the state of charge of each 
storage uni t at least when a storage unit is being charged or discharged,i -and to transfer 
energy from a selected storage unit to the string of storage units when the state of charge 
of the arselected storage unit is greater than a target state of charge , th e circuit 
transf e rring e n e rgy from th e s e l e ct e d unit to th e string of storag e units, such that to 
converge the state of charge of the selected storage unit conv e rg e s toward the target state 
of charge. 



2. (Currently amended) The system of claim 1 wherein: 

the circuit is further configured to transfer energy from the string of storage units 
to the selected storage unit when the state of charge of the selected storage unit is less 
than the target state of charge , th e circuit transf e rring e nergy from the string of storag e 
units to th e s e l e ct e d unit, such that to converge the state of charge of the selected storage 
unit conv e rg e s toward the target state of charge. 

3. (Currently amended) The system of claim 1, wherein the circuit comprises: 

a power converter configured to transfer energy from the selected storage unit to 
charge the string of units when the state of charge of the selected storage unit is greater 
than the target state of charge, and to transfer energy from the string of units to charge the 



selected storage unit when the state of charge of the selected storage unit is less than the 
target state of charge . 

the pow e r conv e rter transf e rring en e rgy from th e s e lected unit to charg e th e string 

of units when the stat e of charge of th e s e lected unit is gr e ater than th e targ e t stat e of 
charg e ; and 

the pow e r conv e rt e r transf e rring en e rgy from th e string of units to charg e th e 

selected unit wh e n th e state of charg e of the s e l e ct e d unit is less than th e targ e t state of 
charg e . 

(Currently amended) The system of claim 3, wherein the power converter comprises: 

an up converter configured to transfer t ransf e rring energy from the selected unit to 

charge the string of units; and or 

a down converter configured to transfer t ransf e rring energy from the string of 

units to charge the selected unit. 

(Currently amended) The system of claim 3, wherein the power converter is bidirectional 
and comprises: 

a common transformer that is used as-a in down conv e rt e r conversion to transfer 
energy from the string of units to charge the selected unit when the state of charge of the 
selected unit is less than the target state of charge^ and in up conversion th e common 
transform e r that is used as an up convert e r to transfer energy from the selected unit to the 
string of units when the state of charge of the selected unit is greater than the target state 
of charge. 

(Currently amended) The system of claim 3, wherein the circuit further comprises: 

plural semiconductor switches selectively coupling the power converter to the 
selected storage unit. 



(Currently amended) The system of claim 6, wherein: 
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the plural semiconductor switches are bidirectional and are configured to couple 
the power converter to the selected storage unit to discharge the storage unit when the 
state of charge of the selected storage unit is greater than the target state of charge, and to 
charge the storage unit when the state of charge of the selected storage unit is less than 
the target state of charges 

when th e stat e of charg e of th e s e l e ct e d unit is gr e ater than the targ e t stat e of 

charge, a pair of th e plural bidir e ctional switch e s e lectrically coupling the power 
converter to the s e l e cted unit to discharg e the unit; and 

when the stat e of charg e of th e selected unit is less than the targ e t stat e of charge, 

the pair of th e plural bidirectional switch e s electrically coupling the power converter to 
the select e d unit to charg e th e unit. 

8. (Original) The system of claim 7, further comprising: 

a polarity selector connecting the pair of plural bidirectional switches to the power 
converter. 

9. (Currently amended) The system of claim 6, wherein: 

the plural semiconductor switches are unidirectional; 

when the stat e of charg e of th e s e l e ct e d unit is greater than the targ e t stat e of 
charge, a first pair of the plural unidirectional switches configured to couple electrically 
coupl e s t he power converter to the selected storage unit to discharge the storage unit 
when the state of charge of the selected storage unit is greater than the target state of 
charge ; and 

wh e n th e stat e of charg e of the s e lected unit is less than th e target stat e of charg e , 
a second pair of the plural unidirectional switches configured to couple e l e ctrically 
coupl e s t he power converter to the selected unit to charge the unit when the state of 
charge of the selected storage unit is less than the target state of charge . 



10. 



(Currently amended) The system of claim 3, wherein the circuit further comprises: 

a controller selectively monitoring the state of charge of each storage unit; and 
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the controller configured to direct dir e cting t he power converter to transfer energy 
between the selected storage unit and the string of storage units, such that the state of 
charge of the selected storage unit converges toward the target state of charge. 

11. (Currently amended) The system of claim 10, wherein the circuit further comprises: 

a first sensor configured to detect d e t e cting voltage and current data of the 
selected storage unit; and 

the controller configured to utilize utilizing t he voltage and current data from the 
first sensor to monitor the state of charge of the selected storage unit. 

12. (Currently amended) The system of claim 10, wherein the circuit further comprises: 

a second sensor configured to detect d et e cting t otal current data of the string of 
storage units; 

the controller configured to utilize utilizing the total current data from the second 
sensor to determine the target state of charge. 

13. (Currently amended) The system of claim 1, further comprising: 

plural strings of electrical storage units coupled in series, each storage unit having 
a state of charge; 

corresponding circuits configured to selectively monito r s e l e ctively monitoring 
the state of charge of each storage unit in a corresponding string of electrical storage units 
and, for each of the plural strings of storage units, configured to transfer energy between 
a selected storage unit and the corresponding string of storage units when the state of 
charge of the selected storage unit is different than a target state of charge to converge the 
state of charge of the selected storage unit toward the target state of charge.T -and 

for each of the plural strings of unit s , when the stat e of charg e of a sel e cted unit is 

different than a target stat e of charg e , th e corr e sponding circuit transf e rring en e rgy 
betw e en th e selected unit and th e corr e sponding string of units, such that th e state of 
charg e of th e select e d unit conv e rg e s toward the targ e t stat e of charg e . 



(Currently amended) The system of claim 13, further comprising: 
a master controller; 

for each of the plural strings of storage units, the master controller configured to 
determine d e terminm g-a corresponding target state of charge; 

the master controller configured to direct dir e cting each of the corresponding 
circuits in transferring energy between a selected storage unit and the corresponding 
string of storage units to converg e , such that t he state of charge of the selected storage 
unit conv e rg e s toward the corresponding target state of charge. 

(Currently amended) The system of claim 14, wherein each of the corresponding circuits 
comprises: 

a power converter; 

the power converter configured to transfer t ransf e rring energy from the selected 
storage unit to charge the corresponding string of units when the state of charge of the 
selected storage unit is greater than the corresponding target state of charge; and 

the power converter configured to transfer transferring energy from the 
corresponding string of storage units to charge the selected storage unit when the state of 
charge of the selected storage unit is less than the corresponding target state of charge. 

(Original) The system of claim 15, wherein each of the corresponding circuits comprises: 

plural semiconductor switches selectively coupling the power converter to each 
storage unit. 

(Currently amended) The system of claim 13, further comprising: 

a master controller configured to determine d e termining a common target state of 

charge; 

the master controller configured to direct dir e cting each of the corresponding 
circuits in transferring energy between a selected storage unit and the corresponding 
string of storage units, such that the state of charge of the selected storage unit converges 
toward the common target state of charge. 
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(Original) The system of claim 1 , wherein each storage unit is a storage cell. 

(Original) The system of claim 1, wherein each storage unit is a battery module having a 
string of cells. 

(Original) The system of claim 1, wherein a battery pack comprises a string of one or 
more storage units. 

(Currently amended) The system of claim 1, wherein the string of storage units are in a 
battery module, there being plural battery modules forming a battery pack. 

(Currently amended) A system for balancing state of charge among plural series 
connected electrical energy storage units, comprising: 

a string of electrical energy storage units, each storage unit having a state of 

charge; 

a circuit configured to selectively monitor monitoring the state of charge of each 
storage unit at least when a storage unit is being charged or discharged, and to transfer 
energy from a selected storage unit to a non-dissipative load i-^d-when the state of 
charge of a selected storage unit is greater than a target state of charge , th e circuit 
tmnr . ferring e n e rgy from th e s e lect e d unit to a non dissipative load, such that to converge 
the state of charge of the selected storage unit conv e rges toward the target state of charge. 

(Currently amended) The system of claim 22 wherein: 

the circuit is further configured to transfer energy from the non-dissipative load to 
the selected storage unit when the state of charge of the selected unit is less than the 
target state of charge , th e circuit transf e rring energy from th e non dissipativo load to th e 
select e d unit, such that to converge t he state of charge of the selected storage unit 
conv e rg e s toward the target state of charge. 
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24. (Currently amended) A system for balancing state of charge among plural series 
connected electrical energy storage units, comprising: 

a string of electrical energy storage units, each storage unit having a state of 

charge; 

a circuit configured to selectively monitor monitoring the state of charge of each 
storage unit at least when a storage unit is being charged or discharged und e r a load , and 
to transfer energy between the selected storage unit and the string of storage units^ and 
when the state of charge of a selected unit is different than a target state of charge, the 
circuit transf e rring energy betw ee n th e s e l e cted unit and th e string of storag e units, sueh 
that to converge t he state of charge of the selected storage unit converges toward the 
target state of charge. 

25. (Currently amended) A method for balancing state of charge among plural series 
connected electrical energy storage units, comprising: 

selectively monitoring the state of charge of each storage unit in a string of 
electrical energy storage units at least when a storage unit is being charged or discharged ; 

when the state of charge of a selected storage unit is greater than a target state of 
charge, transferring energy from the selected storage unit to the string of storage units, 
such that the state of charge of the selected storage unit converges toward the target state 
of charge. 

26. (Currently amended) The method of claim 25, further comprising: 

when the state of charge of the selected storage unit is less than the target state of 
charge, transferring energy from the string of units to charge the selected unit, such that 
the state of charge of the selected unit converges toward the target state of charge. 

27. (Original) The method of claim 26, wherein the energy is transferred by a power 
converter. 

28. (Currently amended) The method of claim 27, further comprising: 
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selectively coupling the selected storage unit to the power converter by enabling a 
pair of plural semiconductor switches. 

(Currently amended) The method of claim 28, wherein the plural semiconductor 
switches are bidirectional and comprising: 

when the state of charge of the selected storage unit is greater than the target state 
of charge, enabling a pair of the plural bidirectional switches to electrically couple the 
power converter to the selected storage unit to discharge the storage unit; and 

when the state of charge of the selected storage unit is less than the target state of 
charge, enabling the pair of the plural bidirectional switches to electrically couple the 
power converter to the selected storage unit to charge the storage unit. 

(Original) The method of claim 29, further comprising: 

connecting the pair of plural bidirectional switches to the power converter through 
a polarity selector. 

(Currently amended) The method of claim 28, wherein the plural semiconductor 
switches are unidirectional and comprising: 

when the state of charge of the selected storage unit is greater than the target state 
of charge, enabling a first pair of the plural unidirectional switches to electrically couple 
the power converter to the selected storage unit to discharge the storage unit; and 

when the state of charge of the selected storage unit is less than the target state of 
charge, enabling a second pair of the plural unidirectional switches to electrically couple 
the power converter to the selected storage unit to charge the storage unit. 

(Original) The method of claim 25, turther comprising: 

detecting voltage and current data of the selected storage unit; and 

utilizing the voltage and current data to monitor the state of charge of the selected 

unit. 
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33. (Currently amended) The method of claim 25, further comprising: 

detecting total current data of the string of storage units; and 
utilizing the total current data to determine the target state of charge. 

34. (Currently amended) The method of claim 25, wherein plural strings of electrical storage 
units are coupled in series, each storage unit have having a state of charge, and further 
comprising: 

selectively monitoring the state of charge of each storage unit in a corresponding 
string of electrical storage units; and 

for each of the plural strings of storage units, when the state of charge of a 
selected storage unit is different than a target state of charge, transferring energy between 
the selected storage unit and the corresponding string of storage units, such that the state 
of charge of the selected storage unit converges toward the target state of charge. 

35. (Currently amended) The method of claim 34, further comprising: 

for each of the plural strings of storage units, determining a corresponding target 
state of charge; and 

transferring energy between the selected storage unit and the corresponding string 
of units, such that the state of charge of the selected storage unit converges toward the 
corresponding target state of charge. 

36. (Currently amended) The method of claim 34, further comprising: 

determining a common target state of charge; and 

transferring energy between the selected storage unit and the corresponding string 
of storage units, such that the state of charge of the selected storage unit converges 
toward the common target state of charge. 



37. 



(Currently amended) A method for balancing state of charge among plural series 
connected electrical energy storage units, comprising: 
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selectively monitoring the state of charge of each storage unit in a string of 
electrical energy storage units at least when a storage unit is being charged or discharged ; 
and 

when the state of charge of a selected storage unit is greater than a target state of 
charge, transferring energy from the selected storage unit to a non-dissipative load, such 
that the state of charge of the selected storage unit converges toward the target state of 
charge. 

38. (Currently amended) The method of claim 37, further comprising: 

when the state of charge of the selected storage unit is less than the target state of 
charge, transferring energy from the non-dissipative load to the selected storage unit, 
such that the state of charge of the selected storage unit converges toward the target state 
of charge. 

39. (Currently amended) A method for balancing state of charge among a string of plural 
series connected electrical energy storage units, comprising: 

selectively monitoring the state of charge of each storage unit in a string of 
electrical energy storage units, the selected storage unit being monitored under a load at 
least when a storage unit is being charged or discharged ; 

when the state of charge of a selected storage unit is different than a target state of 
charge, transferring energy between the selected storage unit and the string of storage 
units, such that the state of charge of the selected storage unit converges toward the target 
state of charge. 



